Aim: To investigate the relationship between Ureaplasma urealyticum (UU) infection and semen quality. Methods: From 2001 to 2003, 346 eligible patients aged 20-45 years were invited from two hospitals in Shanghai, China, to participate in an investigation which included questionnaires about general and reproductive health, an external genital tract examination, UU culture and semen analysis. Multiple linear regression models were used to examine whether UU had a significant effect on semen quality after adjustment for confounding factors. Results: Findings suggested that UU infection was associated with higher semen viscosity and lower semen pH value. Sperm concentration was lower in UU positive subjects than that in UU negative subjects (54.04 × 10 6 /mL vs.70.58 × 10 6 /mL). However, UU did not significantly affect other semen quality indexes. Conclusion: UU infection of the male genital tract could negatively influence semen quality. (Asian J Androl 2006 Sep; 8: 562-568) 
Introduction
It is estimated that 15% of male infertility is related to genital tract infection [1] . Among infection microorganisms, Ureaplasma urealyticum (UU) is one of the most common species [2] . Since 1972, when Gnarpe and Friberg [3] discovered UU in the semen of patients with infertility of uncertain etiology, many researchers have tried to discover whether semen quality and male infertility were associated with UU infection. Contradictory findings have been reported in a series of studies [4] [5] [6] [7] . Some investigators found that UU infection altered various characteristics of semen, such as sperm motility, density and morphology, and antibiotic treatment resulted in semen quality improvement. However, other investigators failed to show that UU had any influence on semen quality or male infertility. These inconsistencies were probably the result of small sample sizes and confounding factors, such as social and economic factors, sexual activity, etc.
In the present study, we examined the effect of UU infection on the parameters of semen under the control of other confounding factors, such as alcohol consumption and spermatorrhea, thus attempting to determine the . 563 .
Tel: +86-21-5492-2824; Fax: +86-21-5492-2825; Shanghai, China

Does Ureaplasma urealyticum infection
association between UU infection and the decreasing semen quality.
Materials and methods
Populations
The sample content was calculated based on sperm concentration. All together, 346 male patients aged 20-45 years who consecutively attended the andrology clinics in Shanghai Tongji Hospital and Shanghai Renji Hospital from March 1, 2001 to March 1, 2003 were invited to participate in the present study. Men who had reproductive system abnormalities (e.g. varicocele), who had been exposed to known toxic agents (e.g. benzene) and who had received antibiotics within the preceding 1 year or infertility therapy were excluded from the study. Consent information was signed before patients entered into the study.
Questionnaire investigation
The questionnaires contained information on demographic characteristics, previous diseases and reproductive conditions. In addition, the men were asked on their lifestyle, living environment, matters concerning sex and genital tract infection.
External genital examination
Each subject had a routine external genital examination and the testis volume was measured using a standard measuring model by clinical physicians.
Semen analysis
Semen samples were obtained from subjects by masturbation after 3-6 days of sexual abstinence and were evaluated for the following parameters: semen appearance, pH value, liquefaction, semen volume, sperm concentration, motility and morphology.
To measure semen viscosity, a glass bar was put into the semen and then pulled out to observe the length of the filament. An abnormal viscosity was more than 2 cm. Acidity was measured using pH paper (from pH 6.1-10.0). Liquefaction, how long seminal plasma took to liquefy, was recorded in 10 minute intervals.
Sperm counts were measured using a hemacytometer. Semen was diluted and one drop (about 10-20 µL) was placed on a microscope slide. Sperms were counted in 5-10 large sections. Sperm concentration per mL was calculated according to the ratio of dilution.
Sperm motility and forward movement were measured by each sample being placed on a microscope slide and being counted in 4-6 fields. The quality of sperm motility was graded on a scale of A-D. Sperms that moved at the speed of 25 µm/s or more were considered to show rapid forward movement. Sperms that moved at the speed of less than 25 µm/s and more than 15 µm/s were considered to show slow forward movement. Sperms that moved at the speed of less than 15 µm/s and more than 4 µm/s were considered to show no movement.
At least 100 sperms were observed after Papanicolaou stain. Sperms were considered abnormal if they included any of the following characteristics: head, body, tail or any combination abnormality.
The viability was the proportion of the living sperms in 100 sperms with eosin stain.
For UU cultivation, 100 µL of the semen specimen was inoculated in UU culture medium available from Shanghai Enkang Corporation (Shanghai, China) for 1-3 days at 37ºC. UU positive was defined as the color of the culture medium changing from light yellow to red, and UU negative was defined as the color of the culture medium not changing or being obviously cloudy.
Statistical analysis
The following semen variables were used: semen volume, sperm concentration, total sperm count, sperm viability, sperm motility and the percentage of spermatozoa with normal morphology. Data on these variables were not normally distributed, so some transformation was carried out to obtain normality of distribution. The formulae were as follows:
Semen volume'= SQRT (semen volume) Sperm concentration'= ln (sperm concentration+25) Sperm counts'= ln (sperm counts + 60) Sperm viability'= arcsin viability sperm Normal morphology'= arcsin (%) morphology normal Sperm forward motility'= arcsin motility forward sperm First, the means of the semen variables were compared between the UU positive and negative groups. Then, the adjusted analysis was carried out in multiple linear regression models, taking into account confounding factors, such as age, study center, abstinence time and alcohol consumption. Confounders were excluded stepwise if they were not statistically significant. We also used principal component analysis to analyze the sperm motility parameters.
All the statistical analyses were carried out using SAS . 564 .
http://www.asiaandro.com; aja@sibs.ac.cn software version 8.0 (SAS institute Inc. Cary, NC, USA) a n d a l l r e p o r t e d P values were two-sided. When multiple regression models were carried out, a 10% level of significance was used, whereas a 5% level was used in other models.
Results
Comparison of general characteristics of subjects between UU positive group and UU negative group
In the present study, 136 of 346 subjects had UU in their genital tracts (39.31%). Table 1 summarizes the general characteristics of subjects between the UU positive group and UU negative group. Apart from residence and alcohol consumption, there were no differences in the subjects' characteristics, such as age, education and income, between the two groups.
Influence of UU on semen quality
The semen of men infected with UU was more viscous than that of non-infected men. The proportion of viscosity was 12.50% and 4.76%, respectively, with a significant difference (P < 0.01). Significantly lower pH values were found in UU positive men in comparison with UU negative men (P < 0.05, Table 2 ). Table 3 summarizes the relationship between UU infection and semen quality. The mean sperm concentrations and sperm counts of UU positive subjects were significantly lower than those of UU negative subjects (P < 0.01), whereas the means of other indexes, such as volume, viability and morphology in UU negative and positive subjects were almost identical.
UU effects after adjustment for confounding factors
To further analyze the relationship between UU infection and semen quality, multiple linear regression models were used to adjust the confounding factors and findings suggested UU still had a significant effect on sperm concentration (P < 0.05). All the risk factors that had statistical effects on semen quality, such as number of years living in Shanghai, alcohol consumption, testis volume, playing Mah-jang, external genitals and so on, are listed in Table 4 .
Discussion
The presence of UU in the genital tract of men was thought to be chronic and asymptomatic [8] , however, accumulated evidence has suggested that asymptomatic UU infection could cause dysfunction of accessory sex glands [9] . The abnormality of their secretion can lead to a change of seminal characteristics. In the present study, high viscosity an the decrease in pH value was found in the UU positive group. This suggested that seminal vesicles blockage or chronic prostatitis was occurring [10, 11] . Consistently thick semen does have an effect on the ability of the sperm to move, so this would also be important if a couple was trying to conceive.
The sperm concentration in the group harboring UU was found to be significantly lower (P < 0.01). To avoid confounding factors, the multiple linear regression analysis was used to analyze the adjusted mean of sperm concentration in the UU positive and negative group, The result was still significant, as a result, the significance still existed. The present results are in agreement with previous researchers. Upadhyaya et al. [12] observed a significantly lower sperm concentration in 280 men in their UU group, but no change with sperm morphology and viability, and this finding had also been confirmed by other researchers [13] .
The reason why UU infection can reduce sperm concentration might be explained by glutamic oxalacetic transaminase (GOT) in the prostate. Because GOT activity has a positive correlation with sperm activity [14] and UU presence could cause prostatitis, there might be certain relationship between the reduction of the sperm concentration and the decrease of GOT activity. However, this finding needs further substantiation.
Animal models have shown that UU infection could block sperm formation. Xu et al. [15] found that germ cell apoptosis of rats was induced by UU infection. This was also the case in humans. Shang et al. [16] found the germ cell apoptosis in 35 infertile men as the result of UU infection was higher than that in the control group.
Despite the fact that UU infection can lead to the reduction of sperm concentration, UU is an organism with weak pathogenicity and is not serious enough to cause oligospermia. It is possible that UU can reduce the carriers' reproduction levels and delay conception [17] .
The present study failed to find whether UU infection has any influence on semen volume, sperm forward motility, viability and sperm with normal morphology, regardless of the presence or absence of other risk factors.
Conflicting results regarding the role of UU infection on sperm characteristics have been reported previously.
. 565 . Xu et al. [4] reported that UU infection reduced the sperm motility and increased the sperm abnormality rate. Recently, a study found that deteriorated semen density, sperm progressive motility and sperm vitality were associated with UU infection [18] . Conversely, a relationship between UU and sperm morphology, motility and viability was not observed in some literature [5, 6] . The study by Kjaergaard et al. [7] indicated that the presence of UU in the genital tract of men did not impair semen quality. This contradiction could be partly due to the following factors: 1) selection of patients; 2) small sample size; 3) variation in the geographic distribution of the . 568 .
http://www.asiaandro.com; aja@sibs.ac.cn population; and 4) the presence of confounding factors. Genital UU has been found in a large proportion of infertile people and, therefore, many researchers have proposed that UU might be causing infertility. In the present study, UU infection was associated with higher semen viscosity, higher acid pH of semen and low sperm concentration, whereas UU did not significantly affect other semen quality indexes. However, the sample size in the present study was calculated based on the sperm concentration, so it could not be adequate enough to conclude whether UU infection has any effect on these semen characteristics.
The results of the present study were substantial, as we collected information about a wide range of present exposures probably related to semen quality and controlled them in the multiple regressions. However, there were some limitations in this study. First, the subjects were outpatients of male clinics and they always went to see doctors because their spouses had failed to conceive for long period of time. About 68.5% of subjects had been infertile for 1 year, so their semen quality might have differed from the general population. In addition, we could not ascertain how long and why they were infected with UU, so the results were not suitable for the general male. Second, according to some reports, various organisms were found to cohabit with UU in the genital tract [19] , but, the cooperation between UU and other microorganisms was not be separated in the present study. However, the subjects of the present study came from clinics and most of them had no knowledge of their genital tract infection, so it was impossible that they were infected with organisms which could cause obvious symptoms.
